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AN INVESTIGATION OF THE PROPERTIES OF 
CHILLED IRON CAR WHEELS 


PART III. STRAINS DUE TO BRAKE APPLICATION 
COEFFICIENT OF FRICTION AND 
BRAKE-SHOE WEAR 


I. IntrRopuction 


1. Preliminary.—tThis bulletin is the third report of an investi- 
gation conducted by the Engineering Experiment Station of the Uni- 
versity of Illinois on the properties of chilled iron car wheels. The 
investigation was made for the purpose of determining the strains 
and stresses which are produced in chilled iron car wheels subjected 
to loadings similar to those met with in service. The work was done 
under a codperative agreement between the Association of Manufac- 
turers of Chilled Car Wheels and the Engineering Experiment Station 
of the University of Illinois. Two previous bulletins* concerning the 
work of the investigation have been published, the first dealing with 
the strains caused in chilled iron car wheels by forcing them on their 
axles and then applying static loads; the second describing first, the 


. strains produced by mounting, static, and flange pressure loadings 


applied in the order mentioned, and second, the ultimate strength of 
the flanges of chilled car wheels. 

2. Scope of Investigation—This particular report is concerned 
specifically first, with the strains due to brake application, and second, 
with brake-shoe wear and the coefficient of friction between the wheel 
and shoe. The strains produced through the application of the brakes 
were determined in the case of six chilled iron wheels and one steel 
wheel under the nominal conditions of speed, brake-shoe pressure, and 
length of run, shown in Table 1. This table shows speeds ranging 
from 10 to 50 miles per hour, brake-shoe pressures from 1000 to 3000 
pounds, and lengths of run from 10 to 30 miles. The length of run 
expressed in miles, for which the brake was applied, is given in the 
table opposite the brake-shoe pressure and under the speed. The 
strain measurements taken during the tests were made after stopping 
the wheel. Data were secured for the determination of the coefficient 
of friction, the tangential pull, the work done by the brake shoe on 
the wheel, and the weight of metal lost by the shoe. 


Part I. Wheel 


* 6 igati i Chilled Iron Car Wheels. 
An Investigation of the Properties of i eo ae Tie Bing: 


Fit and Static Load Strains,” by J. M. Snodgrass and F. H. Guldner. 
Exp. Sta., Bul. No. 129. 1922. : 1 

Id. . “Part II. Wheel Fit, Static Load, and Flange Pressure Strains. Ultimate 
Strength of Flange,” by J. M. Snodgrass and F. H. Guldner. Univ. of Ill. Eng. Exp. Sta., 
Bul. No. 134. 1922. 


9 


hee oor Se aoc enone nese tates ste eeessecouerg gory “qr096 ‘Urge 
Hohe eRe shs Se viee Prone yenceno sets - * Joerg polo; “qF- 982 ‘UEEE 
098% . 
OSES 
O0&S 
Aone Bae OS Ge ce oe OE J pete anee aw Yory “qy-og2 urge 
bor TN irae San pee Fis eeeeeceeng og AT “GEOG, “URES 
. 0002 - a apie ee ee ae Pe: Sante 2s ‘OW ‘area, ‘ures 
oe iho Scie, eS eee aleig Yry ‘qL0g9 ‘Urge 
: 0002 
00ST fn dun'o o Abbotts wel ances Stare eee ca © "OW arez9 ‘urge 
0001 
OWE : “al 
“4 ‘ied ‘ror ur Pood eae Pease city, 
rere iy alt yearwoN 


pea, Asnonuryu0D 
ed UTA Sop. UL po: § jo ieee yeururo NI 


[ @lavy, 


SNOILIGNOD LSA], GNV GHLSHT, STAGH A AO LSTT © 


2 ne am i _ iv s 


THE PROPERTIES OF CHILLED IRON CAR WHEELS 11 


In addition to the tests outlined by Table 1, a series of tests was 
made for the purpose of determining the coefficients of friction and 
the brake-shoe losses for a chilled iron and a steel wheel under similar 
conditions of brake-shoe pressure and speed. In these tests the shoe 
pressure ranged from 500 to 3000 pounds and the speed from 5 to 50 
miles per hour. ‘ 

3. Acknowledgments—tThe investigation of the properties of 
chilled iron car wheels, of which this bulletin constitutes a partial 
report, was carried on under a codperative agreement between the 
Association of Manufacturers of Chilled Car Wheels and the Engi- 
neering Experiment Station of the University of Illinois. Essentially, 
the agreement provided that the Association should furnish funds to 
defray the expenses incident to carrying on the investigation, and that 
the Engineering Experiment Station should conduct the research, 
provide the use of available laboratories, shops, and office facilities, and 
publish a report of the results. In addition to giving financial help, 
the Association appointed Groran W. Lynpon and F. K. Vuat, Presi- 
dent and Consulting Engineer, respectively, to act as a committee co- 
operating with the one selected by the Engineering Experiment Sta- 
tion. The Engineering Experiment Station appointed Epwarp C. 
Scumipt, Professor of Railway Engineering, and Artuur N. Taxzor, 
Professor of Municipal and Sanitary Engineering, as a committee in 
charge of the investigation. Professor Schmidt withdrew from the 
University to enter the United States Military Service during the late 
war, and was replaced on this committee by JonHn M. Snoperass, 
Professor of Railway Mechanical Engineering. 

Throughout the progress of the work the committee from the Asso- 
ciation has held frequent conferences with the Station committee and 
the investigators connected with the work. The investigation owes 
much to the technical advice, the helpful interest, and the unfailing 
and effective codperation of Messrs. Lyndon and Vial. 

The greater part of the experimental work was carried on by 
F. H. Guipner, who became connected with the investigation almost 
in the beginning. R. E. Turtey and O. S. Bryer, JR., both of whom 
assisted in the earlier experiments of the investigation, did much in 
the way of developing methods, making some early tests, and getting 
the work under way. The committees are further indebted to H. BP. 
Moors, Professor of Engineering Materials at the University of Illinois, 
for his assistance and advice upon various matters relating to the 


investigation. 
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II. Generau STATEMENT OF BRAKING PROBLEM 


4. General Effects of Brake Application—tThe application of a 


brake to the rim or tread of a car wheel for the purpose of retarding 
the car produces, through friction between the brake shoe and wheel, 
localized heating of the tread, which in turn sets up temperature 
eradients and consequently strains or deformations throughout the 
wheel. In descending important grades like those of mountainous 
regions, the speed of a train may be controlled almost wholly by the 


brakes. When the grade is steep and of considerable length, the 7 


§ 
, 
¥ 
4. 
‘ 


amount of energy destroyed by means of friction between the wheel | | 


and shoe is very large. This results in high temperatures at the tread 
of the wheel with comparatively low temperatures at the hub. The 
differences in temperature between rim and hub thus produced may 
result in severe strains within the wheel. When operating trains on 
long descending grades, some roads establish thermal or cooling sta- 
tions at which stops are made in order to prevent excessive tempera- 
ture gradients and the consequent strains within the wheels, and 
further, to allow temperatures to become equalized within the wheels, 
thereby reducing the strains or stresses already set up. Wheels of 
trains operating on level track may also be subjected to excessive differ- 
ences in temperature between wheel rims and hubs through dragging 
brakes. This condition arises with defective brake equipment, the 
brakes not releasing as they should. In these cases cars may be moved 
for considerable distances with brakes either wholly or partially ap- 
pled, and if the conditions are such that rotation of the wheels contin- 
ues, the strains set up may be large. The case where the grip of the 
brakes is such that the wheel is dragged along the rail without rotat- 
ing does not belong to the present discussion. Defective brake equip- 
ment may also cause certain cars to furnish either more or less than. 
their proportionate share of the total amount of retardation required 
in stopping a train. The wheels under a car that is called on to do 
more than its share in the retardation may be overheated, and conse- 
quently become subjected to severe strains. 


In service, the matter of unequal temperatures or temperature 
gradients arising through long-continued brake application often, be- 
comes a serious problem, especially when equipment may not be prop- 
erly handled by operating men. The abnormal stresses produced may 
result in broken wheels with the attendant possibility of train wrecks. 
Examination of wheels broken in this manner generally indicates abuse ; 
and it is impossible to determine, except very roughly, the maximum 
values of the stresses causing failure, or the weakest section of different 
types of wheels. Moreover, these inspections of car wheels which have 
failed do not necessarily disclose the conditions causing failure nor 
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the source of the stresses which may have been most important in 

producing failure. The tests described herein are largely concerned 

with the determination of the strains that may be produced within 

: wheels through brake application and consequent heating at the wheel 
tread. Strains produced by mounting the wheel, by imposed car loads 

; by flange pressure, shock, or impact, such as occur in service are ox. 

_ cluded from this report.* A determination of the strains produced by 
heating which is caused by brake application, should be helpful in 
studying abuses resulting from severe braking, and in solving problems 
connected with the design and operation of brakes, 


_ 


Ill. Corrricient or Friction AND BraKe-SHoE WEAR 


5. Scope of Tests and Methods of Procedure—A considerable 
amount of data relating to brake-shoe wear and to the coefficient of 
friction between brake shoes and chilled iron wheels was obtained in 
connection with the tests to determine the strains in the several wheels. 
A few data of similar nature were also secured for the steel wheel. 
This material, which has been summarized, is presented in Table 2. 
Some additional tests were made to determine the relative values of the 
coefficient of friction and the shoe wear on steel and chilled iron wheels, 
respectively. These tests were confined to the range of shoe pressures 
and speeds found in ordinary freight service. 

Car-wheel friction tests as a rule are made for the purpose of 
determining the average value of the coefficient and the shoe wear in 
stopping the wheel from some predetermined speed. The special co- 
efficient of friction tests here reported differ therefrom in that friction 
and wear were determined with the wheel rotating at a constant speed. 
In these tests the same brake shoe was used throughout on comparative 
studies of a chilled iron and a forged steel wheel under identical test 
conditions, in which the shoe pressure ranged from 500 to 3000 pounds 
and the speed from 10 to 50 miles per hour. The tests were made with 
the Brake-Shoe Testing Machine (Fig. 6). To prevent overheating, 
the brake shoe, after having been applied to the wheel for a number of 
revolutions, was raised for cooling. At 5 miles per hour the cycle con- 
sisted of approximately 190 revolutions of the wheel with the shoe 
applied and 210 revolutions with the shoe raised. At all other speeds 
the cycle was 190 revolutions of the wheel with the shoe applied and 
610 with the shoe raised. Since twenty cycles comprised a test, the 
shoe was in contact with the wheel for approximately 6.25 miles. A 
test was run at each pressure and speed up to the capacity of the 


driving engine. 


* For a discussion of these strains, see Univ. of Ill. Eng. Exp. Sta., Buls. Nos. 129 and 
134. 1922. 
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In the brake-application tests the coefficient of friction, tangential 

pull, and work were determined from the instantaneous values indi- 

_ cated on the graphical record given by the brake-shoe-machine dyna- 
_ mometer. The values for work are dependent on the assumption that 
_ the actual tangential pull does not differ greatly from the average of the 
values found at the beginning and end of the several intervals. It is 
probable that no serious error resulted from the assumption. In order 

to obviate the necessity of making this assumption, and particularly 
to facilitate the calculation of the results, the dynamometer was 
equipped with a sphere-type integrator (Fig. 1). This integrator gave 


Fig. 1. MECHANICAL INTEGRATOR FOR DETERMINING Work DONE 
By Brake SHOE ON CAR WHEEL 


a continuous record of the work done by the brake shoe on the ihe 
during a test. Essentially, the integrator consists of a aie ae 
ment driven by gearing from the same shaft as that upon Ae st hy 
car wheel is mounted. A cylindrical roll is in contact with and Se : 
from the segment in such a way that the revolutions of ae ine = = 
are directly proportional to the product of the tangentia pu ee 
shoe on the wheel and the revolutions of the wheel ; that 1s, ; e nu oe 
of revolutions of the roll is a direct measure of the work one vA : 

wheel. From a knowledge of the work and the revolutions ma y 
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the car wheel, the tangential pull and the coefficient of friction may be 
calculated. The mean value of the coefficient of friction presented 
in Table 3 has been computed from the average values determined for 
each of the twenty cycles into which a test was divided. The maximum 
and minimum values of the coefficient of friction shown in Table 
3 are the maximum and minimum values of these twenty averages. 
By weighing the shoe before and after each test, the loss of weight was 
determined. 

6. Friction and Wear on Chilled Iron and Steel Wheels—Table 
2 gives the shoe wear and coefficient of friction as determined in a 
study of the strains due to brake application. The values given are 
the averages of the instantaneous values found in the tests on six 
chilled iron wheels and one forged steel wheel, with several brake shoes 
of a well-known and widely used make. 

From the table it is evident that the highest values of the coeffi- 
cient of friction occur at low speeds, and vice versa. At a given 
brake-shoe pressure the coefficient decreases rapidly as the speed is 
increased from 10 to 30 miles per hour; the decrease in the coefficient 
is small or zero with further increase in speed. With the Speed con- 
stant there also appears to be a decrease in the coefficient as the brake- 
shoe pressure is increased. The brake-shoe wear on the chilled iron 
wheel, at shoe pressures of 2000 to 3000 pounds, becomes greater as 
the speed is increased up to 40 miles per hour; between 40 and 50 
miles per hour the shoe wear is practically constant. With the speed | 
constant the shoe wear is greater as the shoe pressure is increased. 

The results of the special friction and wear tests for the purpose 
of determining the relative friction and wear of a brake shoe, applied 
to either a chilled iron or a forged steel wheel rotating at a constant 
speed, are given in Table 3. The same brake shoe was used in all the 
tests and was the same kind as that employed in the tests reported in 
Table 2. Table 3 is so arranged that a test on a chilled iron wheel is 
on the same horizontal line as the corresponding test on a steel wheel. 
The tests are grouped according to increasing speed. The values of 
the maximum and minimum coefficient show that during a test the co- 
efficient of friction may vary considerably. In only three tests (with 
1000-, 2000-, 2500-Ib. shoe pressure at 5 miles per hour) of the entire 
series did the mean coefficient of friction for the steel wheel exceed 
that of the chilled iron wheel. For these three cases the values were 
so nearly alike that for practical purposes they may be considered 
equal. In each of the remaining tests the coefficient found for the 
chilled wheel was greater than that for the steel wheel. In thirty-five 
tests (excluding the three previously mentioned at 5 miles per hour) 
the friction between the brake shoe and the chilled iron wheel averaged 
21-per cent higher than the friction between the Same shoe and the 
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TABLE 3 
CoMPARATIVE FRICTION AND WEAR OF BRAKE SHOE APPLIED TO CHILLED 
Tron AND Forcep STEEL WHEELS Rotating at Constant SprEp 
The same brake shoe was used in all tests 
33-in. Chilled Iron Wheel 
Coefficient of Friction Shoe Wear 
er cent 
Brake- Mean Mean - 
Test Shoe Speed Tang. 
No. Pressure ; Pull Per Per 
Ib. mi. per hr. Ib. Mean + Max. Min 100 100 
Million | Miles 
Ft-lb. 

2291 A 6 501 5.26 224 44.7 47.0 41.8 0.075 0.089 
i 494 10.13 197 40.0 42.8 31.5 0.210 0.219 
ve 500 15.07 206 41.3 42.1 40.2 0.139 0.152 
2 495 20.10 167 33.8 35.6 31.8 0.243 0.214 
3 495 30.15 133 26.8 29.5 25.3, *0.040 | *0.028 
4 492 40.10 120 24.4 25.2. 23.3 0.772 0.489 
5 498 50.01 122 24.4 25.2 23.4 0.245 0.157 
B12 997 4.96 426 42.7 47.1 37.4 0.085 0.192 
13 999 9.93 382 38.2 39.6 36.8 0.095 0.191 
14 1004 14.85 360 35.8 38.4 33.2 0.215 0.408 
32 991 19.94 326 32.9 35.4 26.7 0.272 0.468 
9 1005 30.05 263 26.1 28.6 24.3 0.305 0.424 
33 1001 40.03 267 26.7 29.7 24.5 0.303 0.427 
11 |} 998 50.17 237 23.8 25.4 22.3 0.301 0.378 
C15 1498 5.06 607 40.5 44.8 36.6 0.057 0.181 
16 1497 9.91 595 39.8 41.2 37.4 0.119 0.373 
Lz 1499 14.99 480 32.0 34.5 PANE ( 0.402 1.018 
18 1501 19.86 423 28.2 30.7 26.3 0.337 0.752 
19 1503 30.12 337 22.5 24.4 21.1 0.358 0.637 
20 1498 40.07 316 21.1 22.4 19.2 0.589 0.982 
21 1496 49.70 316 21.2 22.4 19.8 0.413 0.690 
D22 2013 5.01 795 39.5 40.9 37.3 0.170 0.714 
23 1988 9.99 776 39.0 40.0 37,1 0.128 0.524 
24 1987 15.18 635 32.0 35.4 29.9 0.252 0.844 
25 1997 9.93 553 DANY b 29.8 25.4 0.344 1.002 
26 2005 29.95 422 21.1 23.5 19.1 0.401 0.895 
27 2003 39.88 382 19.1 20.5 17.9 0.532 1.074 
28 2000 49.81 403 20.2 21.2 17.9 0.361 0.767 
E36 2500 4.98 953 38.1 42.1 36.3 0.118 0.594 
Som 2497 9.91 927 37.1 39.0 32.9. 0.190 0.929 
34 2492 15.12 804 32.3 35.2 29.6 0.253 1.074 
BY 2502 20.01 631 25.2 27.8 22.1 0.337 1.123 
38 2501 30.14 579 23.1 25.1 AN 0.356 1.089 
39 2497 39.89 546 21.9 24.2 19.5 0.440 1.268 
40 2494 49.89 568 22.8 24.4 21.1 0.383 1.148 
F29 3018 29.92 678 22.4 24.1 20.7 0.483 1.726 
30 3027 39.85 668 22.1 23.9 19.4 0.419 1.478 
31 2999 49.82 622 ZONE 22.7 18.2 0.522 1.716 


* Gained weight. 
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TABLE 3 (CoNTINUED) 
COMPARATIVE FRICTION AND WEAR OF BRAKE SHOE APPLIED TO CHILLED 
Iron AND ForceD STEEL WHEELS RoTATING AT CONSTANT SPEED 
The same brake shoe was used in all tests 
33-in. Forged Steel Wheel 
Coefficient of Friction Shoe Wear 
per cent Ib. 
Brake- Mean Mean 
Test Shoe Speed Tang 
No. Pressure Pull Per Per 
Ib. mi. per hr. lb. Mean «Max. Min. 100 100 
Million | Miles 
Ft-lb. 

2290 A 7 493 4.91 204 41.3 45.5 S630 0 lh cna. eee 
15 506 5.07 223 44.0 Zee 40.7 0.035 | 0.041 
2 497 9.88 189 38.0 ae oh 0.173 | 0.172 
8 497 14.93 141 28.3 32.0 23.8 0.720 | 0.534 

1 496 19.54 125 25.3 2 ooree lithe Seen 
3 503 19.52 129 25.7 rake aes 0.269 | 0.184 
4 513 29.71 125 24.5 27.4 20.0 0.341 | 0.226 

5 494 39.15 112 22.6 26.4 19.6 0.680 | 0.401 
6 494 48.55 92 18.6 19.8 16.3 0.722 | 0.350 
B19 1000 4.98 434 43.4 44.9 40.1 0.086 | 0.196 
10 996 9.63 357 35.9 38.5 32.1 0.145 | 0.273 
11 993 15.01 275 27.7 29.9 25.0 0.075 | 0.108 
9 998 19.32 235 23.5 27.4 20.5 0.299 | 0.370 
12 997 29.68 227 22% 26.2 18.1 0.212 | 0.254 
13 1000 40.54 181 18.1 19.8 17.0 1.017 | 0.974 
14 1000 48.04 186 18.6 20.4 73 0.515 | 0.505 
C20 1503 4.94 604 40.2 41.3 38.9 0.076 | 0.242 
21 1502 9.85 529 35.2 38.1 30.0 0.133 08372 
22 1502 14.98 397 26.4 30.9 24.0 0.221 } 0.463 
23 1504 19.82 333 D029) 24.0 21.0 0.341 | 0.601 
16 1507 29.95 293 19.4 23.5 tit 0.519 | 0.802 
17 1505 39.49 305 20.3 23.0 iN 2 0.305 | 0.491 
18 1505 48 .22 258 ye) 18.6 15.7 0.929 | 1.266 
D24 2004 4.97 803 40.1 42.1 38.3 0.100 | 0.425 
25 2001 9.90 637 31.8 33.5 29.1 0.153 | 0.514 
26 2000 14.98 483 24.2 25.6 D329) 0.276 | 0.703 
27 2002 19.68 408 20.4 22.1 18.7 0.498 | 1.074 
28 1998 29.79 361 18.1 19.4 16.3 0.526 | 1.001 
29 1995 39.65 340 ile 177 16.2 0.659 | 1.183 
30 1995 49.37 355 17.8 19.1 16.4 0.524 | 0.982 
E31 2500 4.98 1010 40.4 41.8 38.4 0.040 | 0.21 
32 2497 9.90, 760 30.4 33.7 26.9 0.230 | 0.923 
33 2500 14.99 596 23.8 26.5 21.9 0.248 | 0.780 
34 2502 19.84 531 21.2 22.9 19.8 0.417 | 1.167 
35 2501 29.77 475 19.0 20.0 18.0 0.594 | 1.490 
36 2497 39.79 428 Wee 18.7 15.3 0.635 | 1.436 
37 2494 49.94 42 lyfe) 1sa7 16.1 0.583, 1 T3807, 
F38 3018 29.96 548 18.2 19.5 16.9 0.528 | 1.530 
39 3027 39.90 510 16.8 18.4 15.4 0.635 | 1.708 
40 2999 49.90 533 ge 18.9 15.6 0.524 | 1.475 
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steel wheel. In other words, chilled iron wheels, under the test con- 


ditions as to kind of shoe and within the speed and pressure ranges 
occurring, are apparently more effective in retarding cars or destroy- 
ing energy than steel wheels. The inference might be drawn that due 
to its greater retarding properties the shoe wear on the chilled iron 
wheel would be greater than that on the steel wheel. Although in- 
dividual tests may be selected in which the shoe loss on the steel wheel 
1s considerably less than that on the chilled iron wheel, the whole series 
of tests shows that for 3800 million foot-pounds of work done on each 
wheel, the loss with the steel wheel amounted to 14.98 pounds, whereas 
that with the chilled iron wheel was 11.18 pounds. ; 


TV. THeRMAL EXPANSION or Car WHEEL [rons 


ie Relation Between Thermal Expansion and Strain.—A bar of 
metal having a coefficient of expansion other than zero, if subjected 
toa change in temperature and if free to move, will undergo a change 
in length. However, if the bar is fixed so that the change in length 
does not occur freely, it is evident that there is generated in the bar 
a stress, whose intensity is dependent on both the temperature change 
and the fixity of its ends. <A strip of metal fixed within and part of a 
larger body of the same metal may be subjected to tensile or compres- 
sive stresses from the surrounding material at. the same time that it 
undergoes a change of temperature. It is in this way that the material 
of a car wheel, having within it unequal temperatures, is subjected to 
deformations which are in part due to temperature change and in part 
to the stresses which are set up by the unequal temperatures. If the 
total deformation or strain along a certain line within a car wheel is 
determined, and also the expansion of the material when unrestricted 
and subjected to temperature change, then the difference between the 
two determinations would constitute the strain and would be a measure 
of the stress existing. The more important stresses produced in a car 
wheel through temperature gradients, as when brake application causes 
a high temperature at the tread with a comparatively low tempera- 
ture at the hub, are those of tension. These stresses produce elonga- 
tion of the metal within the wheel, particularly along radial lines. 
The rate of thermal expansion or coefficient of expansion for several 
different grades of cast iron used in car wheels and for several 
specimens of steel was found in order to make use of the method of 
determining strain which is here outlined. 

8. Results of Thermal Expansion Tests The expansion of five 
specimens cut from chilled iron car wheels, two specimens of ordinary 
cast iron, one specimen of mild steel, and one of tool steel, was ascer- 
tained by means of the apparatus described in Appendix A. The ex- 
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pansion of the five specimens which were cut from three different. 


wheels is shown in Fig. 2. This figure also gives the chemical com- 


SRERER MRED 

i Se 

Re be Deis pte eee 

eT A Chemical analyses 

N SAAD A Na CC TE Si Ma PS 
See MRBRG Se s2em2 LT 069.348 063 068 040 O19 

R200 APT 9 ne sos cae aco — — | 
Q wz Paveas gigs 4 047 371 059 063 038 022 
Sayles AAA IW 004.948 063 068 040 0/9 

KN Fa A 68°F, (20;C) eal ce W 085 325 062 060 — — 


00002 I. Er 172 
Linear Expansion in Inches per Inch 


Fig. 2. THERMAL EXPANSION oF SPECIMENS CUT FROM CHILLED 
Iron CAR WHEELS 


position of the different specimens. The origin of the specimens is as 
follows : 


Specimen No. 1. From the hub of a 650-lb. wheel 
having a 61£-in. bore. 

Specimen No. IV. From the single plate of the same 
wheel as specimen No. 1. 

Specimen No. V. From the hub of a 725-lb. wheel 
having a 63£-in. bore. 

Specimen No. VI. From the single plate of the same 
wheel as specimen No. V. 

Specimen No. 4. From the single plate of a 725-lb. 
wheel, 12 in. from the center. 


Within the range of temperatures covered, the expansion of speci- 
mens Nos. 1, V, and 4 was nearly identical. If drawn from the same 
origin, the curves would practically be superimposed upon each other. 
A similar condition existed with respect to specimens Nos. IV and VI, 
whose expansions were almost the same over the range covered but 
different from that of I, V, and 4. In raising the temperature of the 
specimens Nos. IV and VI from 68° to 500° Fahr., the linear expan- 
sion of No. VI was about 1.5 per cent less than that of No. IV. Consider- 
ing the five specimens at 500°, No. 4 showed the least and No. IV the 
greatest expansion, that of No. 4 being 4.8 per cent less than the ex- 
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pansion of No. IV. As it is obviously impracticable to determine the 


thermal expansion characteristics of the iron at each point where de- 


formation measurements were made on the car wheels, a mean value 


was used in calculating expansion due to temperature change. This 


mean thermal expansion curve, shown in Fig. 3, was derived from the 
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Fig. 3. MEAN THERMAL EXPANSION OF CHILLED CAR WHEEL IRONS 


data obtained from the five specimens. This curve was assumed to be 
representative of the expansion of chilled car-wheel irons by heat in 
all the calculations involving the factor of thermal expansion; and all 
the strains reported in connection with the brake-application tests on 
chilled iron wheels are dependent upon the assumptions made in the 
derivation of this curve. If the results given in Fig. 2 represent the 
maximum differences in expansion that are found in irons of this kind, 
the use of the mean curve (Fig. 3) in the later data would not involve 
errors greater than 2.5 to 3 per cent. 

In Fig. 4 are given the results of the thermal expansion of two 
samples of cast iron of the chemical compositions shown. One speci- 
men was from the foundry of the University of Illinois and the other 
from that of the Griffin Wheel Company, Chicago. The results shown 
in the figure were derived in the development of the apparatus for 
determining the coefficient of expansion of wheel irons, and have no 
further bearing on the test results published herein. A comparison of 
the thermal expansion curves for these two foundry irons with the 
other thermal expansion curves may be of interest. 
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Fig. 4. THERMAL EXPANSION oF Cast Iron 


The linear thermal expansion for the specimens of mild and tool 
steel of the compositions shown was determined, and the results are 
presented by the curves in Fig. 5. The curve representing the mild 
steel specimen was used in the determination of the strains in the 
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forged steel wheel which was tested. The tool steel was tested in order 
that a comparison might be made between the two grades of steel. 
The results from the tool steel specimen have not been used in the 
calculations. 


V. Srrams Dus To Brake APPLICATION 


9. Description of Apparatus——The testing equipment for de- 


termining the effect of brake application included apparatus and in- 


struments for measuring coefficient of friction, work done on the 
wheel, speed, distance traversed, brake-shoe loss, temperature, and 
strain. 

The brake-shoe machine used in these tests is shown in Fig. 6. A 
ear wheel was mounted and keyed on a shaft upon which was also 
mounted a heavy flywheel, whose inertia together with that of the 
ear wheel and shaft was such that the kinetic energy developed was 
equivalent to that found in a single wheel of a 30-ton capacity moving 
ear. The shaft with the flywheel and car wheel was driven by a 120- 
H. P. steam engine through a suitable clutch. The brake shoe was 
applied at the top of the wheel, and the pressure of the shoe upon the 
wheel could be set at any desired amount by a system of levers and 
weights. The tangential pull required to hold the shoe in position at 
the top of the wheel was measured by means of a flat spring-type dyna- 
mometer, shown in the upper left-hand corner of Fig. 6. 

The dynamometer was arranged so that a graphic record of the 
tangential pull could be obtained.’ A typical record as taken in these 
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tests is given in Fig. 7 in which the ordinates represent tangential pull 
and the abscissa correspond to the distances traversed by the car 
wheel. 
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Fig. 7. DYNAMOMETER RECORD 


The temperature at various positions in the rotating wheel was 
measured by means of thermocouples and a slip-ring apparatus. The 
potentiometer method was used for determining the electromotive force 
generated by the couples. The method of determining temperatures is 
described in greater detail in Appendix B. The strains or deforma- 
tions in the wheel were measured with a 2-inch Berry strain-gage. 

10. Preparation and Method of Testing Wheels for Effect of 
Brake Application —In the preparation of wheels for these tests vari- 
ous arrangements of the gage-lines and thermocouples were adopted 
in an effort to locate the positions of maximum strain or stress. After 
several wheels had been tested, it was noticed that the strains on the 
inner face were relatively small, and thereafter all measurements were 
confined to the outer face. The first wheel test was prepared with six 
thermocouples and with four radial and four tangential gage-lines. 
On wheels tested later the number of observation points was increased 
to include nine thermocouples and seven radial and seven tangential 
gage-lines. In Fig. 8 there is shown the location of the thermocouples 
and gage-lines on the 625-Ib. wheel. This particular wheel had one 
thermocouple, numbered 1, in the tread or chilled part of the wheel, 
"%2 inches from the surface and located laterally so as to be approxi- 
mately under the center line of the brake shoe. Service failures of 
wheels by long-continued brake application have indicated that the 
weaker part of the wheel is near the junction of the outer and inner 
faces. Accordingly, four couples, Nos. 2 to 5 inclusive, were placed 
in this region on the outer face of this wheel and one additional couple, 
No. 6, as close to the axle or shaft as possible. On the inner face three 
couples (numbered 7, 8, and 9) were located. The holes for the couples 
were drilled 742 inches in diameter and of such a depth that the 
junction of the two wires was half-way through the metal at the point 
in question. For several reasons it was impossible or impracticable to 
place the gage-lines on the same radial line as that on which the 
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thermocouples were located. In order that the middle points of the 


gage-lines would have the same relative location with respect to the 
bracket as the thermocouples, the gage-lines were placed on a radial 
line, whose angular distance from the radial on which the couples 
were located was 360° divided by the number of brackets, or in this 
case 25.7°. All strain-gage holes were made with a No. 54 (0.055- 
inch) drill and were two inches apart in both radial and tangential 
directions. The gage-lines so established were designated by three 
characters : the first was either the letter ‘‘O’’ or ‘‘I,’’ signifying outer 
or inner face, respectively ; the second was a numeral designating its 
position relative to the tread of <he wheel; and the third was either 
the letter ‘‘R’’ or ‘‘T,’’ denoting, respectively, a radial or tangential 
direction of the gage-line. Thus, 03R signifies the gage-line on the 
outer face, third from the tread, and in a radial direction. Likewise, 
03T indicates the gage-line similarly located on the wheel, but in a 
tangential direction. Four radial and four tangential gage-lines were 
‘placed on the outer face of this wheel at distances from the center 
corresponding to those of Couples Nos. 2 to 5, inclusive. On the inner 
face the distances from the center of the wheel to the three radial and 
three tangential gage-lines corresponded to those of Couples 7, 8, and 
9. The location of the thermocouples and gage-lines is shown in Fig. 9. 
After preparing the wheel as described above, it was mounted on 
and keyed to the shaft of the brake-shoe machine. The fit between the 
wheel and shaft was such that no pressure was required to mount the 
wheel and no appreciable play was present. The tread was ground 
concentric with the bore; then the brake shoe was applied to the rotat- 
ing wheel until the shoe had a full bearing. The thermocouples, previ- 
ously calibrated, were next inserted in the wheel and connected with 
the slip rings; the wheel was then ready for test. In testing the car 
wheels for the effect of temperature gradients, the weights of the lever 
system of the brake-shoe machine were adjusted to give a definite brake- 
shoe pressure. The initial readings were then taken with the strain- 
gage at each of the gage-lines. The wheel was next brought up to. the 
desired speed and the brake applied for a definite time, or its equiv- 
alent, a definite distance. The pressure, speed, and distance traversed 
were so chosen that the work done on the wheel was sufficient to set u 
large temperature differences between tread and hub, and thus to pro- 
duce intense strains within the wheel. Readings of temperature and 
revolutions were regularly taken at five-minute intervals, and at the 
end of each interval the recording device of the dynamometer was set 
in motion for about fifteen seconds in order to determine the value of 
the tangential pull of the brake shoe on the wheel. After running the 
required -time or distance, the wheel was stopped, and a second series 
of readings was taken at each of the gage-lines. At regular intervals 


oe ht uel 


THE PROPERTIES OF CHILLED IRON CAR WHEELS 


Fig. 9. Location or GAGE-LINES ON 33-IN. 625-LB. 
M. GC. B. WHEEL No. 632 680 


27 


28 ILLINOIS ENGINEERING EXPERIMENT STATION 


additional strain readings were then secured, which were used in 
estimating the strain at the instant of stopping the wheel. The tem- 
perature readings were also taken at regular intervals during cooling. 
The same kind of brake shoe was used throughout all tests. 

A typical set of curves embodying the principal results of a single 
test is shown in Fig. 10. In the curves in the upper left-hand corner 
of the figure there are given the temperatures at four positions in the 
wheel, taken throughout the time of the brake application and the 
subsequent cooling of the wheel. The tangential pull (not shown in 
the curves) for the various five-minute intervals was obtained from 
the dynamometer records (Fig. 7) by determining the area bounded 
by the datum line, the tangential-pull curve and two ordinates con- 
necting these, then dividing the area found by the length between the 
two ordinates—thus giving the average tangential pull at the time of 
taking the record. Dividing the tangential pull by the brake-shoe 
pressure gives the coefficient of friction, the values of which are shown 
graphically in Fig. 10. The work, plotted in the same figure, was 
calculated by averaging the tangential pulls determined at the begin- 
ning and end of a five-minute interval in pounds, and multiplying this 
average value by the distance traversed in feet by a point on the tread 
of the wheel. The curves shown on the right of Fig. 10 represent unit 
deformation in the wheel during cooling. The upper or solid line 
curves represent total unit deformation of the metal at the gage-line 
in question and are derived from differences between strain readings 
taken before and after heating. As previously explained, a part of 
the total deformation is expansion due to raising the temperature from 
that of the room to that indicated by the thermocouples, while the re- 
maining deformation is strain due to internal force. The magnitude 


of the thermal expansion due to heat when subtracted from the total ° 


deformation gives the estimated strain caused by the internal stress.” 
In the deformation curves of Fig. 10 the ordinates below the lower or 
dotted curves denote unit strain at various times after stopping and 
during cooling of the wheel. The ordinates between the two curves 
(total deformation and unit strain) represent the expansion caused 
by the increased temperature of the material. On account of the fact 
that several minutes were required to stop the wheel, the first group 
of strain readings taken thereafter are not the strains existing at the 
completion of the heating period. The strains at the end of this 
period were determined by extrapolating the deformation curves to 
that time. The explanation just given, although‘it refers specifically 
to the method of preparing and testing the 33-in. 625-lb. M. C. B. 


wheel No. 632 680, is descriptive of the methods used on the other 
wheels. 
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VI. Resuuts or TEstTs 


11. Results of Tests-——Figs. 10 to 17, inclusive, present the re- 
sults of eight tests made on this wheel and the conditions under which 
the tests were made. In the test, the results of which are plotted in 
Fig. 10, the nominal brake-shoe pressure was 2000 pounds, the speed 
of rotation of the wheel equivalent to a forward speed of 10 miles per 
hour, and the length of the test 120 minutes, corresponding to a dis- 
tance of 20 miles. In applying the shoe for this distance, the work — 
performed by the shoe on the wheel was 75.5 million foot-pounds. It 
will be noticed that the work-time curve is practically a straight line, 
the slight deviation therefrom being due to variations in the friction — 
between brake shoe and wheel. In performing work on the wheel the 
brake shoe was worn at the rate of 0.252 pounds per 100 million foot- 
pounds of energy destroyed. Inspection of the curves further shows 
that the coefficient of friction varied in value somewhat at different 
times throughout the period of brake application. The coefficient of 
friction in this test ranged from 0.30 to 0.40, the average of the in- 
stantaneous values being 0.385. The variation may be explained by 
differences in the structure of the shoe in contact with the wheel, and — 
slight fluctuations in the speed. Attention is specifically directed to 
the fact that the value of the coefficient at the end of two hours’ brake — 
application is practically the same as at the beginning of the test. This — 
indicates that the coefficient of friction did not increase with length of 
brake application or with increased distance through which the brakes 
were applied. The ordinary variations in the character of the shoe 
metal in contact with the wheel appeared to be as likely to cause an 
increase as a decrease in the value of the coefficient during the progress — 
of the test. Hence, in the solution of either design or retardation 
problems the question of variation in the coefficient of friction with. 
time should be considered from the standpoint of differences which may — 
exist in the character of the shoe metal exposed to the wheel. 

It was noted in this test (Fig. 10) that the temperatures indicated — 
by Couple No. 1 did not lie on a smooth curve. It was noticed early © 
in the tests that some parts of the tread, as indicated by their color, 
became much hotter than others. While the larger portion of the rim 
was bluish in color there were spots about the size of a silver dollar © 
that were cherry red, or even a brighter red. The location of these 
hot spots changed with time. At a certain instant a hot spot might | 
occur in the region of the thermocouple, a few seconds later this spot | 
would have cooled off and another hot spot would develop at a con-_ 
siderable distance from the first. As these variations in temperature | 
from point to point on the tread were reflected in the readings given | 
by Couple No. 1, the irregularity of these readings is thus explained. 
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The curve drawn for Couple No. 1 is assumed to be representative of 
the average tread temperature. As the brake-shoe pressure and speed 
were increased, the hot spots became more pronounced. Larger differ- 
ences were noted in some of the later tests between individual tempera- 
ture readings given by Couple No. 1 and the average tread tempera- 
ture, as shown by a smooth curve. As the metal surrounding the other 
couples was not subject to rapid temperature fluctuation, smooth 
curves may be drawn to represent the temperature variation with time 
at the points where these couples were located. After the wheel had 
been rotated for 120 minutes, Couple No. 1 indicated a tread tem- 
perature of 669° Fahr., while Couple No. 6 showed the hub tempera- 
ture to be 233° Fahr.; there was therefore a difference of 436° Fahr. 
between these points. 

With the wheel stopped, the tread temperature drops rapidly due 
to radiation and conduction of heat through the wheel. On account 
of the continued conduction of heat through the wheel, the tempera- 
tures at other points where the thermocouples are located, continue 
to rise for a short time after the wheel is stopped. 

The deformations at various times after stopping are shown on 
the curves on the right in Fig. 10. As already explained, the upper or 
solid curve represents the total measured unit deformations; the lower 
or dotted curve denotes the unit strain caused by internal stress; the 
ordinates between the two curves indicate the expansion due to in- 
ereased temperature. In this test (No. 2278) the maximum tensile 
deformations were found at radial gage-line 03R on the outer face or 
near the junction of the inner and outer plates. At the instant of 
stopping the total deformation was 0.0047, of which 0.0015 was caused 
by thermal expansion, leaving 0.0032 as the maximum unit tensile 
strain. The deformation curves indicate that with respect to the 
strains caused by temperature gradients, the unit tensile strains in 
the radial direction on the inner face of the wheel, and also those in 
the tangential direction on the outer face, are relatively insignificant 
when compared with the strains in radial gage-lines 02R, 03R, and 
04R on the outer face. ae 

Figs. 11 to 16, inclusive, give the results of six additional tests 
made on the 625-lb. wheel under the test conditions there noted. In 
general the discussion concerning the results shown in Fig. 10 for 
Test No. 2278 also applies to Figs. 11 to 16 and the test results which 
they present. 


Tests on 33-in. 625-lb. M. C. B. Wheel No. 632 680 


inei i iti hich 
The principal results, together with the conditions under w. 
the several tests were condueted on the 33-in. 625-Ib. M.-C. B.. wheel 
No. 632 680, are summarized in Table 4. 
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Although nominally a 625-lb. wheel, this wheel, No. 632 680, actu- 
ally weighed 602 pounds. This reduction in weight was largely due to 
the hub’s having been bored large enough to fit the axle of the brake- 
shoe machine, thereby removing more metal than is customary with 
wheels of this size. In the first five tests given in the table, the nominal 
shoe pressure was 2000 pounds. The maximum tensile stress in each test 
occurred in radial gage-line 03R on the outer face or at the point of 
junction of the inner and outer plates, and in the five tests the strains 
ranged from 0.0031 to 0.0048. The coefficient of friction decreased as 
the speed increased from 10 to 40 miles per hour. At both 40 and 50 
miles per hour the coefficient was 0.20. 

To determine the effect of a difference in brake-shoe pressure, two 
tests, Nos. 2282 and 2283, were run at nominal pressures of 1000 
pounds and 1500 pounds, respectively. These tests in conjunction 
with the test No. 2277 at 2000 pounds show the effect of shoe pressure, 
as the speed was 20 miles per hour and the distance traversed 20 miles 
in each of the three tests. A re-arrangement of these data follows: 


Brake-shoe Pressure Coefficient of Total Work Unit Tensile 
Ib. Friction ft.-lb. Strain 
1003 0.31 32 800 000 0.0023 
1481 0.29 45 100 000 0.0033 
2014 rami 50 500 000 0.0038 


These results indicate that over the pressure range, the coefficient 
of friction decreased as the pressure increased. They also show that 
the increase in pressures produced greatly increased strains, as would 
be expected from a consideration of the increased work, 

Test No. 2284 (Fig. 17) was made in order to study the effect of 
intermittent brake-shoe application. In this test the wheel was brought 
up to speed and the brake applied for ten minutes; the wheel was then 
quickly brought to rest and a strain reading taken on radial gage-line 
03R on the outer face. After this, the wheel was again brought up 
to speed, the brake applied for ten minutes, the wheel stopped, and 
a strain reading taken, this cycle being repeated until the equivalent 
of twenty miles had been traversed with the brake appled. The tem- 
peratures indicated by ‘Couples Nos. 1, 4, and 6 (Fig. 17) show the 
effect of the intermittent brake application, during the heating period 
(0 to 85 minutes). Although observations for the other couples were 
not made during this time, similar temperature variations doubtless 
also occurred at these locations. To prevent confusion, the curve 
showing the coefficient of friction has been omitted from this figure 
and inserted on Fig. 18. At the beginning of each eycle where the 
brake shoe was applied to the wheel, the coefficient observed had a re- 
latively low value. This was due to the necessity of having the speed 
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slightly higher than the nominal speed of twenty miles per hour at 
the instant of brake application. As soon as the correct speed was 
attained (usually less than one minute after applying the shoe), an- 
other reading of the coefficient of friction was taken and this, together 
with the later determinations made during each cycle, is more repre- 
sentative of the coefficient for the nominal conditions of this test than 
the determination made at the beginning of the cycle. In Fig. 18 there 
is shown also an approximation to the manner in which the strains in 
gage-line 03R developed during heating. 

The actual curve would probably be a serrated line somewhat 
similar to the temperature curve shown by Couple No. 1. The figure 
indicates that the unit strain practically reached a maximum through 
heating in this manner. Additional cycles would probably result in a 
slight decrease in the strain inasmuch as a continuation of the cycles 
would decrease the temperature difference between tread and hub. 
The deformations after stopping the wheel are.given for all the gage- 
lines in Fig. 17. Test No. 2277 was run under the same test conditions 
as Test No. 2284, excepting that the shoe pressure was applied con- 
tinuously for twenty miles in the former, whereas the pressure was 
intermittent for the same distance in the latter test. This then gives 
a direct comparison of continuous and intermittent brake-shoe pres- 
sure. The significant fact in making this comparison is that while 10 
million foot-pounds or twenty per cent more work was done on the 
wheel during the intermittent test, yet in this test, at the conclusion 
of twenty miles brake application, the maximum unit tensile strain 
was thirteen per cent less than that recorded with continuous.brake 
application. The results obtained in these two tests indicate the effect 
of cooling stations in keeping down thermal stress within the wheel 
while descending long, heavy grades. 


Tests on 33-in. 650-lb. Arch Plate Wheel No. 633 452 


This wheel was prepared, as shown in Fig. 19, with nine thermo- 
couples, and seven radial and seven tangential gage-lines placed sim- 
ilarly to those on the 625-lb. M. C. B. wheel. The methods of testing 
and calculating the results were likewise similar. Fig. 20 and 
Figs. 31 to 33, inclusive, present in detail the conditions under which 
the tests were made, and the results for four of the eight tests on this 
wheel. A summary of the principal test conditions and results for 
all the tests is given in Table 5. 

In the first three tests (Nos. 2285 A to C, inclusive) made on this 
wheel the tread was not truly concentrie with the bore, and no effect 
of this was apparent in the two tests in which the speed was 10 and 20 
miles per hours, respectively. At 30 miles per hour (Test No. 2285 C) 
the high spot due to eccentricity struck the brake shoe at regular 
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Fig. 18. StTrRAINS DEVELOPED IN 33-IN. 625-LB. M. C. B. WHEEL No. 632 680 
THROUGH INTERMITTENT BRAKE APPLICATION 


intervals which corresponded to the period of vibration of the lever sys- 
tem of the brake-shoe machine. As a consequence, the lever system 
was set in motion, and the brake shoe was in contact only part‘of the 
time, this conidition being reflected in the results. By comparing this 
test with Test No. 2285 C 1, in which the eccentricity had been re- 
moved, the effect is evident. Fig. 20 gives the results of the test as 
made on the eccentric wheel. The most striking difference is in the~ 
temperature as recorded by Couple No. 1, which at the end of thirty 
minutes’ continuous brake application in this test showed only 403° 
Fahr., whereas 684° was shown in the case of the trued wheel. The 
smaller difference in temperature between tread and hub with the 
eccentric wheel is also indicated by a lower.unit tensile strain at gage- 
line 04R, 

After the wheel was trued, five tests (Nos. 2285 A1 to EK, inelu- 
Sive) were made at 2000-lb. shoe pressure at speeds of 10, 20, 30, 40; 
and 50 miles per hour. In each case the-maximum unit tensile strain 

was indicated at the radial gage-line 04R on the outer face or about 
one inch closer to the center of the wheel than in the case of the 625- lb. 
M. C. B. wheel. If additional gage-lines and couples had been placed 
on the 650-lb. Arch Plate wheel at points nearer to the center than 
O4R, it is possible that a point would have been located in which the 
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strains due to brake application alone would have been larger than 
those found in the gage-line 04R. Under such a condition, the larger 
strains arising from brake application would be in the region where 
they would be counteracted by those of opposite kind caused: by: for- 
cing the wheel on the axle. Due to the fact that service failures of 
wheels of this type generally occur at diameters equal to or larger 
than that at which the inner and outer plates join, the question of 
maximum stress resulting from brake application was not investigated 
further in connection with this wheel. 

With this fact in mind, it is allowable to compare the maximum 
strains recorded in the five tests (Nos. 2285 Al to H, inclusive) made 
on this wheel, with the maximum strains indicated in the similar tests 
(Nos. 2277 to 2281) made on the 625-lb. M. C. B. wheel. For this com- 
parison the work and strains for each series of five tests were averaged, 
thus giving the following data: 


33-in. 625-lb. 33-in. 650-lb. Arch 
M. C. B. Wheel Plate Wheel 
Work dovmallions: of) ft-lb. . ms eee 40.6 43.9 
Unit Tensile Strain. . 0.0036 0.0026 
Unit Tensile Strain per 40 ‘million ft. tb. 0.00355 0.00237 


From these data it is seen that for 40 million foot- pounds of work 
the 650-Ib. Arch Plate wheel has about two thirds as great internal 
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strain as the 625-lb. M. C. B. wheel. If the critical sections of the two 
wheels were compared, this fact would be more striking. <A part of 
the greater ability of the 650-lb. wheel to withstand strain is probably 
due to the fact that it contains about 6.5 per cent more metal than the 
625-Ib. M. C. B. wheel; the remainder may be attributed to the Arch 
Plate design. 


Tests on 33-in. 725-lb. M. C. B. Wheel No. 157 999 


This wheel was prepared with one thermocouple in the tread, one 
in the hub, and seven in the outer face of the wheel. At positions 
corresponding to the locations of the seven couples, in the outer face 
- gage-lines in both radial and tangential directions were located. The 
. details of thermocouple and gage-line location are given in Fig. 21. The 
arrangement was adopted for two reasons: first, because previous tests 
had shown that the strains on the inner face due to brake application 
were small; and second, the tests on the 650-lb. Arch Plate wheel sug- 
gested that maximum strains might possibly bé located at positions 
closer to the wheel center than any heretofore measured. 

Five tests at 2000-lb. brake pressure and speeds from 10 to 50 
miles per hour were made on wheel No. 157999. The results of three 
of the individual tests are given in Figs. 34 to 36, inclusive. A sum- 
mary of the principal data for all tests is given in Table 6. In each 


Dx 


Couple \ /nches trom 
Number a SUrLACE 
/ * 
é z 
Fi L ccd ; 
Gd é 
5 ls 
o 3a 
7 EA 
6 52 
&} / 


* 8 Inch from Tread 


Fig. 21. Location or GaGE-LINES AND THERMOCOUPLES ON 33-IN. 725-LB. 
M. C. B. Wuret No. 157 999 
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48 ILLINOIS ENGINEERING EXPERIMENT STATION 


of the five tests the maximum tensile strain was found at radial gage- 
line 05R on the outer face, or near the junction of the inner and outer 


plates. This maximum tensile strain for the five tests ranged from 


0.0029 to 0.0039 inches per inch. The actual weight of the wheel was 
718 pounds. 


Tests on 33-in, 750-lb. M. C. B. Wheel No. 157 998 


This wheel differed from the preceding wheel No. 157 999 in that 
its weight was 742 pounds, 24 pounds greater; the location (Fig. 22) 
of the thermocouples and gage-lines was as nearly the same in both 
wheels as was practically possible. 
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Fig. 22, Locarion oF GAGE-LINES AND THERMOCOUPLES ON 33-IN. 750-LB. 
M. C. B. WHEEL No. 157 998 


This wheel was subjected to identical tests, the results of which 
are given in Table 6 and for three of the individual tests in Figs. 37 
to 39, inclusive. At 10 and 20 miles per hour (Table 6) the maximum 
unit tensile strain was found at the radial gage-line 05R on the outer 
face of the wheel, while at 30, 40, and 50 miles per hour the maximum 
unit tensile strain was located at gage-line 04R, or one inch farther 
from the center of the wheel. The maximum strains in the five tests 


ranged from 0.0020 to 0.0027, considerably lower than in the case of 
the 725-lb. wheel. 
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Tests on 33-in. 750-lb. Arch Plate Wheel No. 633 445 


This wheel was tested for the purpose of gettin i i 

g a direct compari- 
son between the M. C. B., or Washburn, and the Arch Plate Raieat 
Its weight was 744 pounds or within 2 pounds of that of the 750-lb. 


’ M. C. B. wheel. It was also similarly prepared (Fig. 23) and tested. 
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Fic. 23. Location oF GAGE-LINES AND THERMOCOUPLES ON 33-IN. 750-LB. 
ArcH PLATE WHEEL No. 633 445 


The results of the various tests are summarized in Table 6; Figs. 40 to 
42, inclusive, present test conditions and results for three individual 
tests. In this wheel the maximum unit tensile strains due to brake 
application were generally found at radial gage-line 06R on the outer 
face. In one test (No. 2286 H1) the maximum strain was at 05R, 
but in another test (No. 2286 H2) under identical test conditions it 
occurred at 06R again, thus signifying that the greatest effect of brake 
application in this wheel was found near 05R or O6R. In the five 
tests (Nos. 2286 A to E, inclusive) on this wheel, which are directly 
comparable with similar tests on wheels Nos. 157 999 and 157 998. the 
maximum tensile strain ranged from 0.0021 to 0.0027 inches per inch, 
or was practically equal to that found on the 750-lb. M. C. B. wheel. 
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Comparative Tests on 33-in. 725-lb. M. C. B., 750-lb. M. C. B., and 750-lb. ~ 
Arch Plate Wheels 


These three wheels were tested to give, first, the direct effect of 
twenty-five pounds of metal added to the M. C. B. type; second, a 


comparison between the M. C. B. and Arch Plate designs of equal _ 
weights; and third, a comparison between the 725-lb. M. C. B. and- 


750-lb. Arch Plate wheels. The principal data for making these com- 
parisons are given in Table 6, Tests Nos. 2288 A to E, Nos. 2287 A to 


E, and Nos. 2286 A to E. These data represent five tests on each 


wheel under identical conditions. From this table it is evident that 
the 750-lb. M. C. B. wheel shows considerably less strain than the 725- 
lb. M. C. B. wheel for approximately equal amounts of work done. 
The relative standing of the 750-lb. Arch Plate wheel as compared with 
the other two wheels is not quite so apparent. Accordingly, the work 
and strains were averaged for the five tests made on each of the three 
wheels, giving the following results: 


33-in. 725-lb. 33-in. 750-lb. 33-in. 750-lb. 


M. C. B. Wheel M. C. B. Wheel Arch Plate Wheel 
Work in millions of ft.lb.. . 41.2 41.6 36.6 
Unit Tensile Strain . . . . 0.0032 0.0024. 0.0023 
Unit Tensile Strain per 40 
UME Se yg 0.00311 0.00251 0.00252 


This tabulation indicates that for 40 million foot-pounds of work 
done on the wheels, the 750-lb. M. C. B., and 750-lb. Arch Plate wheels 
are better able to withstand the brake application strains than the 
725-lb. M. C. B. wheel, and this is explained by the additional metal 
in the two heavier wheels. The data indicate further for the two 
750-lb. wheels that when subjected to brake application loading alone, 
the M. C. B. wheel was somewhat superior to the Arch Plate wheel in 
withstanding strain. The difference is slight, however, and additional 


tests of this kind with similar wheels would be required in order to ~ 


establish a definite superiority for either design. From the data at 
hand these two wheels may be considered to have equal ability to with- 
stand the effects of brake application. 


Tests on 33-in. 950-Ib, Arch Plate Wheel No. 103 219 


This was the first wheel subjected to the brake-application tests. 
The apparatus used to measure the temperature in the rotating wheel 
was perfected in connection with this wheel. In the earlier tests the 
thermocouple readings were affected by parasite currents, and conse- 
quently the results dependent on these readings are omitted. This ac- 
counts for the incompleteness of the data as summarized for the various 


tests. Six thermocouples and four radial and four tangential gage-. 


lines were located on the outer face of this wheel, as shown in Fig, 24. 


a 


/Ches IFO? 
Number | Surface 


/ * 
a /z 
oi /Z 
x 
e 


Sle 
DNGy 


a 
ad 
6 


« $/nch trom Tread 


\ 
SIS 


Fig. 24. Location oF GAGE-LINES AND THERMOCOUPLES ON 33-IN. 950-LB. 
ArcH PLATE WHEEL No. 103 219 


Tests were run with the brake applied at shoe pressures ranging from 
1000 to 3000 pounds, speeds from 10 to 50 miles per hour, and dis- 
tances varying from 10 to 30 miles. The data and curves for fifteen 
of the individual tests are given in Figs. 48 to 57, inclusive. A sum- 
mary of the results of all tests is given in Table 7. The actual weight 
of this wheel was 924 pounds. 

From Table 7 the maximum unit strain at the lowest pressure 
(1000 pounds) appears at one of the radial gage-lines 02R, 03K, or 
04R. At 2000-Ib. brake-shoe pressure the maximum unit strain is 
confined to gage-lines 02R and 03R, while at 3000-lb. pressure it is 
found in each test at gage-line 03R, located at the intersection of the 
inner and outer plates. It is difficult to ascertain the separate effects 
of shoe pressure, speed, distance, room temperature, and character of 
shoe metal in contact with the wheel, although the test program was 
so arranged that it was hoped that this would be possible. Irregulari- 
ties occur chiefly under the less severe test conditions. With a shoe 
pressure of 2000 pounds or more and: a speed above twenty miles 
per hour, the effects of the different variables in producing strain 
manifest themselves, but even then they do not definitely suggest the 
underlying laws. The value of the data lies almost wholly in deter- 


mining the magnitude and position of maximum strain under various 


conditions of brake application. 
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56 ILLINOIS ENGINEERING EXPERIMENT STATION 3 


Tests on 33-in. 786-lb. Forged Steel Wheel No. 6162 


The location of the thermocouples and gage-lines for this wheel 
is given in Fig. 25. The results of the five tests made are eee in 


Figs. 58 to 62, and are summarized in Table 8. 


If the modulus of elasticity be assumed at 29 500 000 pounds per 
square inch for steel and if it be assumed further that the heat treat- 
ment of the wheel is such that its yield point corresponds to deforma- 
tions greater than those given in the table, it is apparent that in each 
of the tests the maximum tensile strain due to brake application alone 
is in excess of 103 000 pounds per square inch. This suggests that the 
metal in the region of gage-line 03R must be stressed up to a large 
percentage of its ultimate strength. The maximum tensile strain in 
each test was found to be at the radial gage-line 03R on the outer face. 


VII. Summary or CoNncLUSIONS 


12. Conclusions Regarding Strains due to Brake Application— 
The results of this investigation may be summarized as follows: 


(1) ‘The stresses in chilled iron wheels set up by tempera- 
ture gradients due to brake application are transmitted mainly 
through the outer plates, the strains or stresses on the inner face 
being relatively small. 


(2) At slow speed the taneeriine gradients are small, 
sufficient time elapsing to allow the heat to travel inward by con- 
duction and also to be dissipated by radiation. This condition 
results in temperature deformations forming a large part while 
the strain forms a relatively small part of the total deformation. 
At high speed the deformation measured with a strain-gage may 
be composed wholly of strain due to internal stress. 


(3) The stresses resulting from temperature gradients may : 


be kept within safe limits, by the use of cooling periods or cooling 
stations. 


(4) A wheel when. subjected to hght brake application only 
has no definite position of maximum strain, i. e., the maximum 
strain may occur at different positions under different test con- 
ditions. When subjected to severe brake application and no 
other stress-producing factors, a wheel has its position of maxi- 
mum stress consistently located at a definite position. This posi- 
tion may not correspond to the position of minimum strength as 
indicated by service failures. The Arch Plate design has its 
maximum tensile strains due to brake application at points nearer 
to the center of the wheel than the M. C. B. type. This seems 
desirable in that this type of strain may then be counteracted by 
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APPENDIX A 


DETERMINATION OF LINEAR THERMAL EXPANSION 


In the tests made on the car wheels, it was necessary to know the | 


linear thermal expansion of car-wheel iron. As it was impossible to 
get a specimen longer than six inches from a car wheel, it was not 
feasible to use methods already developed for obtaining the linear 
expansion. For reasonable accuracy most methods require specimens 
considerably longer than six inches, and therefore such methods could 
not be used. The interference method which has been employed by 
various investigators determines linear expansion on specimens one- 
half inch or less in length with a high degree of accuracy. This 
method makes use of the principle that monochromatic light waves can 
be made to interfere as the specimen under test expands, and by their 
interference produce bands. By counting the number of bands, it then 
becomes possible to caleulate the expansion of the specimen in terms 
of the wave length of the light used. On account of its complexity and 
the technique required, the interference method was not employed in 
the present investigation. Instead, the method described in this Ap- 
pendix was developed for determining the linear thermal expansion of 
iron specimens four to six inches long. 


Fig. 26. Drtacram InLusTRATING MetHop Usrp to DrtErMINE LINTAR 
THERMAL EXPANSION OF IRON 


The principle underlying the apparatus used is based on the fact 
that if two series of data be taken under different test conditions and 
if there are only two unknown factors present in the data, the un- 
knowns may then be determined. The apparatus does not require a 
highly trained operator to manipulate it. 
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a < * . 
Essentially, the apparatus (Fig. 26) consists of two multiplying 


levers 2 with cross-hairs at their upper ends; the specimen s whose 


ar expansion is desired; and a quartz rod c pivoted to and connect- 


ing the levers. This quartz rod may be placed either below the speci- 
men as shown by the full line, or above the specimen as shown by the 
dotted line. One series of data is taken with the quartz below the 
_ Specimen and a second series of data with the quartz above the speci- 


men. The unknowns are the expansion of the iron specimen and the 


expansion of the quartz rod. On account of the relatively large dif- 


ference between the expansion of the iron specimen and the expansion 
of the quartz rod, advantage can be taken of the multiplication ratio 


of the levers and greater accuracy attained than if direct length 


measurements were made. At zero temperature the apparatus is in 
the position indicated by the heavy lines. After the temperature of - 
the oil bath in which the entire system is submerged is raised to t°, 
the levers, specimen, and quartz take the positions indicated by the 
light lines. If 


i, = distance between cross-hairs at temperature equal to 0° 
with quartz either above or below the specimen, 

i, = distance between cross-hairs at temperature equal to t° 
when quartz is below the specimen, 

L, = distance between cross-hairs at temperature equal to t° 
when quartz is above the specimen, 

X;— total expansion of iron in rising from 0° to t”, 

X,= total expansion of quartz in rising from 0° to t”, 

m = wmultiplication ratio of levers with quartz below the specimen, 

n = multiplication ratio of levers with quartz above the specimen, 


then, 
L,—Lo=X,+m (X;-X,) =b 
Lo—L,= —X,+n (X:—-X,) =4 
and 
x= (n+1) b6+(1—m)a 
: m+n 
The apparatus as assembled is shown in Fig. 27, The levers had 
sharp knife-edges at the points where they came 1 contact with the 
specimens, and a small coil spring was used. to maintain the conta! 
After assembling the levers, specimens, spring, and the quartz ee 
these parts were placed in the oil bath. The bath was provided we 
a small spiral pump to circulate the oil and to assist In apes a 
uniform temperature over the entire apparatus, excepting pea 
inch on the upper ends of the levers, which protrude from the bath. 


The motor used for driving this pump is shown at the left in the 
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figure. Within the oil container was an electric heating element of the 
resistance type made of Nichrome wire. The oil container itself was 


surrounded by loosely packed asbestos to prevent too rapid heat losses. 


A cylinder oil capable of withstanding a temperature of 625° Fahr. 
was used, and since in these tests it was not necessary to make measure- 
ments of expansion at temperatures above 500° Fahr., no difficulty 
was experienced with the oil. 


Fig. 27. APPARATUS USED To MEASURE LINEAR THERMAL EXPANSION OF IRON 


The parts after assembling were placed in front of the two microm- 
eter microscopes and these were focused on the cross-hairs placed at 
the upper ends of the multiplying levers. The readings (Ly, L, and 
L,) were obtained with the microscopes. The smallest division on the 
micrometer was 0.005 millimeter (0.00197 inch) and readings were 
estimated to one-tenth of this figure. To keep the microscopes at a 
practically fixed distance apart, they were mounted on a hollow rod 
through which water from a deep well ran continuously. The tem- 
perature of the water did not vary over 1° C. throughout a test, and 
the variation was generally less than this amount. The temperature 
of the oil bath or that of the specimen was taken with a mercury 
thermometer. The micrometer readings were taken at regular decre- 
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ments of temperature, or during the cooling of the apparatus. This 
method was adopted because more uniform temperatures could be 
obtained within the bath with less expenditure of time while cooling, 
than was possible during heating. One set of data was secured in this 
manner with the quartz rod below the specimen, and on the following 
day another set with the quartz rod above the specimen. A typical 
plot of the data obtained on a specimen is given in Fig. 28. 
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Fig. 28. Sampie Curves or TypicaL Data TAKEN IN DETERMINING 
THERMAL EXPANSION OF Cast IRON 


A slight difference in the slopes of curves labeled ‘‘ Quartz above 
specimen”’ and ‘‘Quartz below specimen’’ is apparent. At any speci- 
fied temperature these curves represent respectively the values a and 
h of formula (1). 

These two curves are plotted to the millimeter and centigrade 
scales. The unit linear thermal expansion shown in the upper curve 
of Fig. 28 is plotted to the Fahrenheit and inch scale. 
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The values for this unit-expansion curve were caloulated 
cordance with formula (1) and with the data presented by the 
two curves of Fig. 28. In order to see how closely results co 
duplicated, a specimen was subjected to test and its expansior | 
culated trom the data collected. Shortly afterwards the apparat bus 
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Fic. 29. ReEsutrs or Two TRIALS TO DETERMINE THERMAL EXPANSION OF 
Cast Iron SPECIMEN 


was completely dismantled. About a month later the apparatus was — 
re-assembled and a second test made on the same specimen. Fig. 29% 
gives curves showing the expansions as determined in the two tessa 
In raising the temperature from 68° to 400° Fahr., the expansions — 


shown at 400° Fahr. for the two tests differ about one part in 115, on y 
slightly under one per cent. 
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APPENDIX B 
MerTHop oF DETERMINING TEMPERATURES IN A Rotating Car WHEEL 


In the preliminary tests to ascertain the effect of brake applica- 
tion, the temperatures existing in the car wheel were determined by 
means of thermocouples and by stopping the wheel at five- or ten-min- 


- ute intervals for thermocouple readings. In this method of obtaining 


temperatures, the hot junctions were inserted in the wheels and the 
wires leading therefrom were joined to small bushings having a tapered . 
hole. The wires leading from the galvanometer and cold junction of 
the couples were connected with tapered plugs. To measure the tem- 
perature after heating by brake application, the wheel was stopped, 
the plugs inserted in the bushing and a reading taken. The wheel 
was then again brought up to speed and the brake applied until time 


- for another reading, when the operation was repeated. 


It was recognized early in the investigation that the temperatures, 
and, likewise, the strains produced by the intermittent heating and 
cooling arising through alternate starting and stopping, would be 
materially different from the temperatures and strains set up if the 
heating were continuous. Since the latter conditions are the more 
severe and are those which exist in service wherever trouble is ex- 
perienced through prolonged brake application, the tests were made 
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with continuous shoe application. This method of testing precluded 
the determination: of temperatures during the heating or running 
period by the alternate stopping and starting method described above. 
Accordingly, in order to determine temperatures in the car wheel 
irrespective of whether the wheel was at rest or revolving, the follow- 
ing apparatus, which was used during all the brake-application tests 
reported in this bulletin, was designed: 

The thermocouples were made from No. 25 copper and Advance 
metal wires. Both hot and cold junctions were welded. The couple 
circuits and the arrangement of the apparatus are shown in Fig. 30. 
The hot junctions, six of which are shown in the lower left-hand 
corner, were inserted in the car wheel at the several points at which 
the temperatures were desired. The Advance metal wires leading from 
five hot junctions were connected with the sixth, thus making a single 
Advance metal wire common to the six couples. The common wire 
and the six copper wires leading from the hot junctions were twisted 
together into cable form and the cable carried along the outer face 
of the wheel, then into the center of the shaft of the brake-shoe ma- 
chine. At the end of this shaft, a slip ring and cold junction box 
were fastened. The common Advance wire after leaving the end of 
the shaft was carried into the oil bath shown at the right; at this 
point it was welded to a copper wire, and this weld then became the 
common cold junction for the six couples. The copper wire leading 
from this cold junction was connected with one of the seven copper 
slip rmgs shown. Each of the six copper wires coming from the hot 
junctions in cable form after leaving the end of the brake-shoe- 
machine shaft was joined to one of the six remaining slip rings. The 
external part of the circuit was entirely of copper and consisted of 
the brushes and wires for transmitting the generated electromotive 
force to the potentiometer. A selective six-pole switch was placed in 
the circuit as shown, so that the electromotive forces of any desired 
couple could be measured. A Leeds and Northup Indicating Type 
potentiometer was used. The temperature of the oil and consequently 
of the common cold junction was determined by a thermometer. In the 
course of development, the apparatus was tested for parasite currents, 
and excepting in a few of the earlier tests upon the 950-Ib. wheel No. 
103 219 while the development of the apparatus was still in progress, 
none could be detected. If such parasite currents were present when 
using the apparatus, they were unquestionably of small magnitude, 
and for all practical purposes the temperatures given may be con- 
sidered correct. The couples were carefully calibrated before using. 
The apparatus shown is arranged for six thermocouples; in the later 
tests it was extended so that nine thermocouples could be used. 
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APPENDIX C 


Fieures Givine Resuurs or Brakr-AppiicaTion Tugs 


__ Appendix C, consisting of Figs. 31 to 62, inclusive, presents re- 
‘sults of brake-application tests upon the following wheels :* 


33-in. 650-lb. Arch Plate Wheel No. 633 452 
33-in. 725-lb. M. C. B. Wheel No 157 999 
33-in 750-lb. M. C. B. Wheel No. 157 998 
33-in. 750-lb. Arch Plate Wheel No. 633 445 
33-in. 950-lb. Arch Plate Wheel No. 103 219 
33-in. 786-lb. Forged Steel Wheel No. 6162. 


The figures give information relative to these wheels similar to 
that presented in the body of the bulletin by Figs. 10 to 16, inclusive, 
for wheel No. 632 680. The arrangement of figures, data and results, 


is also similar to that used in presenting corresponding information 
for wheel No. 632 680. 


* Appendix C presents figures for all the tests made with the forged steel wheel No. 
6162, an ieee the hee oe aly a portion of the tests made with the other ca a ee 
Tables 5, 6, and 7 in the body of the text present summarized data for seventy tes A ae 
wheels Nos. 633 452, 157999, 157998, 683445, and 103 219. _ Appendix O shows bees 
for twenty-seven of these tests so selected as to be representative of the tests ee at 
wheel and of the investigation as a whole. Figures similar to those in Appendix ave 
been prepared for the tests, which are not shown in this bulletin. These ae ote me 
file at the Eng. Exp. Sta., Univ. of Ill, Urbana, TH. Arrangements can e made wi 
the Station whereby persons interested may obtain copies of these figures. 
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Trst No. 2271 
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TE st CONDITIONS 


Brake Shoe rressuré 5003 1b 
Speed 2002 m ph 
Distance with Brake Applied 2002 Miles 
RESULTS 

Mean Coefficient of Friction . 270% 
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Fig. 54. Brake-SHoE Pressure 3000 is., SPEED 20 MI. PER HR., 


Distance 20 mi. Test No. 2273 


Minutes after Stogving 


All Readings orn Outer Face 


90 


ILLINOIS ENGINEERING EXPERIMENT STATION 


Temperature, Wark, 
- Friction, and Distance | 


Coek of Friction 


ure (np eg, Ve 
S 


Get 
S 


Tempe, 
~ 
S 


Distance in (Tiles. 
Work in [4llians of Foor-Founds 
Ee ee ee ee as 


~— 
S 


C 2O 4O 60 GO 
Time in Minutes 


Runnings 
brake 
Applied 


Cooling, 
Whee/ 
SYoopeEd 


Tés7T CONDITIONS: 
Brake Shoe Fressure 


Speed 


Distance with Brake Applied 


RESULTS: 


Mean Coetticient of Friction 
Total Work 


Lrare Shoe Loss per 100,000,000 fr-/b. 


Unit Deformation in. per in 


Temperature Difference befweern 


Radia/ 
Deformation 
Tota/ Deformation 

Unit Strain——— 


20 


4O 60 0 


Tangential 
Deformaror 


—_— 


| 


s 
q 
Q 
& 
S 
Ss 


Compression 


8 


nN SQ 


All Readings on Outer Face 


: 
x 
ig 


20 4O 60 


Minutes after Stogeing 


Couples Nos./ and € on Stopping 


NMoxiinuin Unit Tensile Strain on Stopping 


Maxiinumn Unit Tensile Strain it Gage Line- 


Fie. 55. Braxe-SHor Pressure 3000 1B., SPEED 30 MI. PER HR., 
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Whée/ Minutes after Stopping 
SVgQpe7 
TEST CONDITIONS 
Brake Shoe fressure 30/2 1b 
Speed” 4020 ph 
Distance with Brake Applied 20/0 Miles 
RESULTS. 
Mean Coefticlerst of Frici/or F 18.0% 
Total Work 56,300,000 f-lh 
Brake Shoe loss per 100,000,000 rr-/b 0746 /b 
Temperature Difference be/wéeér7 y 
Couples Noes. / and 6 o7 SItoQPI/19 $40° F 
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Maximum Unit Tensile Strain of S1oppIng 


Maxiinuimn Urit Tensile Strain i Gage Lineg- OFF 


Fig. 56. Braxe-SHor Pressure 3000 ts., SPEED 40 MI. PER HR., 


Distance 20 mi. TxEst No. 2275 
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Brake Shoe Fressure 30/5 1b 
Spee” 4946 7. ahr 
Distance with Brake Applied 1979 Iles 
RESULTS. 

Mean Coefficient of Friction 170% 
Tola/ Work 54,500,000 fi-lo 
Brake Shoe Loss per 100,000,000 ft-/b 0768 Ib 
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axiinum Unit Tensile Strain on StoQjoing Q0037 
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Fic. 57, Braxr-SuHor Pressure 3000 LB., SPEED 50 MI. PER HR., 


Distance 20 mi. Txrst No. 2276 
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Fic. 59. Brake-SHor Pressure 2000 LB., SPEED 20 MI. PER HR, 
DISTANCE 20 mi. TEst No. 2289B 
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Fig. 60. Braxe-SHoE Pressure 2000 Ls., SPEED 30 MI. PER HR., 


DISTANCE 15 MI. 
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Tempera/ure, Work, fhadia/ Tangerylal 
Friction, and Distance Deformation Deforimanor) 
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7es7 CONDITIONS: Minutes ater Stopping _ 


brake Shoe Hressure 2003 /b. 
Speed 3964 (77.0.2 
Distance with Brake Applied 991 [Tiles 
RESULTS: 

Mean Coefficlert of Frictiorr 190% 
Total Work 20,200,000 Tt-le 
brake Shoe loss per 100,000,000 ft-/b. 0494 Jb 
Temperature Difference be/ween 

Couples Nos. / and 9 on Stopping GIS ofa 
Mexinuin Unit Tensile Strain on Stopping 0.0085 
Maximum Unit Tensile Strain in Gage Line- O3R 


Fic. 61. Brake-SHor Pressure 2000 is., SPEED 40 MI. PER HR., 
Distance 10 mi. Txrst No. 2289 D 


THE PROPERTIES OF CHILLED IRON CAR WHEELS 97 
Temperature, Work, Fad) 
; 2 | 5 Qa/a/ Tangerwtia 
030 Friction, and Distance Leformoarior. Dee 
| eS 
S 
kao go8 kad = 
a = Nj iT eg 
3 S 
: ae ~ o® Foes wel | 
S vs 
. SO iS es 6 S 
. 8 8 IRS NaS 
ee, N NR SS NN 
SN /0 Nd N TI— 6) 
Se Ss 
S00 N ~5 | 
: S] Sa 
S ~ 
ee x S Sky 04k 
ES 
: & 500 
S 
N 
S200 
N 
a 
= 
25 


Runsng, Brake Applied 


Unit Deformation -in. per ir 


NWN 


OMI AONE CO MOLE COM IOMTES. 


Jest CONDITIONS: Minutes afrer Srgoping 


Lrake Shoe Fressuré 1999 Ib 
Speed 49.75 17. p.h 
Distance with Brake Applied 995 (Miles 

RESULTS: 
Mean Coetticiernt of Friction 200% 
Tota/ Work 20,500,000 ft-lb 
0668/ /b 


Brake Shoe Loss per 100,000,000 ft-/b. 
Temperature Difference be/wee/ 
Couples Nos./ and 9 on Stopping oes 
Maximum Unit Tensile Strain of Stopp1ng 0.0040 
Maxinuin Unit Tensile Strain in Gage Ling- O3R 


Fic. 62. Brake-SHOE Pressure 2000 LB., SPEED 50 MI. PER HR, 
Distance 10 mi. Tust No. 2289 EH 


